Updated information and services can be found at: The overall crude prevalence of congenital heart disease was 3.05 per 1000 patients (95% CI 2.99 to 3.11). Prevalence of key comorbidities in patients with congenital heart disease ranged from 2.4% (95% CI 2.1% to 2.7%) for epilepsy to 9.3% (95% CI 8.8% to 9.9%) for hypertension. After adjusting for smoking and deprivation, cases were significantly more likely than controls to have each of the cardiovascular comorbidities and an increased risk of diabetes, epilepsy and renal disease. Patients with congenital heart disease were more frequent users of primary care than controls. Patients with congenital heart disease were also more likely than controls to have lifestyle and risk factor measurements recorded in primary care, although overall levels of recording were low. Conclusions: There is a significant burden of comorbidity associated with congenital heart disease, and levels of primary care utilisation and referral to secondary care are high in this patient group. The predicted future expansion in the numbers of adults with congenital heart disease owing to improvements in survival will have implications for primary and secondary care, and not just tertiary centres offering specialist care.
Topic collections
Articles on similar topics can be found in the following collections Notes http://heart.bmj.com/cgi/reprintform 1 with an estimated incidence at birth of between 5 and 8 per 1000 live births. [2] [3] [4] [5] [6] Congenital heart disease is also a common cause of congenital anomaly death. Over 40% of all congenital anomaly deaths in 2003 were due to a cardiovascular malformation. 7 A diagnosis of congenital heart disease can have serious and lifelong consequences for patients and their families, with many patients with congenital heart disease requiring specialist follow-up into adulthood. 8 Important long-term cardiac sequelae of congenital heart disease include heart failure, cardiac arrhythmias, infective endocarditis, pulmonary vascular obstructive disease and sudden cardiac death. Owing to complications that arise later on in life, re-intervention and re-operation are frequently a feature of continuing care for this patient population. Adults with congenital heart disease also require specialist reproductive counselling.
Considerable attention has been devoted to improving the quality of care of children with congenital heart conditions, following the Bristol Inquiry in 2001 9 and subsequent publication of the report of the Paediatric and Congenital Cardiac Services Review Group in 2003. 10 In contrast, health services for adult survivors have long been neglected, arousing dissatisfaction among patient groups, and prompting clinicians involved in the care of ''GUCH'' patients (grown-ups with congenital heart disease) to call for service improvement. 11 12 The government has responded to these pressures by establishing an external reference group, chaired by the National Director for Coronary Heart Disease. In May 2006, the Department of Health published a guide to commissioning services for young people and adults with congenital heart disease, which included indicators of high-quality care in primary, secondary and tertiary care settings. 13 In developing services and standards of care for both children and adults with congenital heart disease, policy makers and planners are faced with a lack of high-quality data on the size of this patient population, their patterns of healthcare use and the morbidity burden associated with this disease. Studies of morbidity and outcomes of care have tended to lack a population dimension, instead focusing on short-term outcomes in infants and children with particular congenital heart lesions and/or undergoing specific surgical procedures. This paucity of studies examining longerterm outcomes for patients with congenital heart disease was noted during the Bristol Inquiry, 9 and more recently by Knowles et al.
14 Patterns of health service use, beyond admissions to, and surgical procedures performed in, tertiary centres, 15 16 are also poorly understood. No studies have been undertaken looking at the burden of morbidity associated with congenital heart disease from a primary care perspective, and there are only a handful of studies describing the activity and case mix of services for adults with congenital heart disease in non-tertiary hospital settings. 17 18 Data from aggregated general practice databases have been used successfully to study disease epidemiology, 19 the prevalence of comorbidities or complications 20 21 and examine the process of care measures in primary care. 22 Access to large and nationally representative samples of patients is a key advantage of such methods. 23 We undertook a population-based case-control study to describe and compare the prevalence of selected comorbidities, patterns of health service use and process of care indicators in patients with and without congenital heart disease. All patients with congenital heart disease and their matched controls were registered with UK general practices participating in the QRESEARCH primary care database.
METHODS

Study population, case definition and data sources
Data for this study came from the QRESEARCH general practice database (version 5, downloaded on 16 May 2005), with a combined registered patient list size of over 3.2 million patients. We identified all patients with a recorded diagnosis of congenital heart disease who were alive and registered with a QRESEARCH practice on 1 January 2005 and for the previous 6 months. We sought to minimise information bias by excluding those patients with congenital heart disease who had been registered for less than 6 months. Cases were identified on the basis of a diagnostic Read code for congenital heart disease or for surgical correction of a congenital heart defect. As in previous epidemiological studies of congenital heart disease, we excluded patients with isolated arrhythmias, cardiomyopathies, Marfan's syndrome, bicuspid aortic valve, mitral valve prolapse, isolated dextrocardia and cardiac tumours. 4 Incidence density sampling was used to select three controls for each case, matched on age (in 5-year age bands), sex and practice. Incidence density sampling is regarded as the preferred method for obtaining unbiased results in case-control nested studies: controls are selected without replacement from all people at risk at the time of case occurrence, excluding the index case itself. 24 Controls had to be alive, and registered on 1 January 2005 and for the previous 6 months. For cases and controls we extracted details of year of birth, sex, deprivation quintile (based on the Townsend score of the 2001 census output area for each patient's postcode) and congenital heart disease diagnoses. In addition, we extracted the following information for each patient using the relevant Read codes: c Ever-diagnosed selected comorbidities: atrial fibrillation, chronic renal disease, depression, diabetes, epilepsy, erythrocytosis, heart failure, hypertension, stroke and transient ischaemic attack; To examine variations in healthcare use by the complexity of congenital heart defects, we categorised cases into one of three broad categories: simple, moderate and complex. To undertake this categorisation, we first assigned a primary diagnosis to those cases of congenital heart disease with multiple congenital heart disease diagnoses using a modified version of the anatomical hierarchy previously developed by Wren et al. 4 The diagnosis that appeared highest in this hierarchical list of congenital heart disease diagnoses was selected as the primary diagnosis. Patients were then classified into one of three ''complexity'' groups, based on their primary diagnosis (see box 1). Patients categorised as having either complex or moderately complex lesions correspond to those who would typically require follow-up at a regional or specialist centre. 15 
25
Statistical analysis
Using all patients registered with a QRESEARCH practice on 1 January 2005 as the denominator, we calculated the crude point prevalence of congenital heart disease with 95% CIs. We also calculated prevalence by age and sex for 2005, the most recent year for which we had prevalence data. For cases and controls, we calculated the prevalence of each of the selected comorbidities, rates of specialist referral, prescriptions per 1000 population and mean numbers of annual primary care consultations. We also calculated the proportion of cases and controls with a recorded measure for each of the clinical indicators.
We used conditional (fixed effects) logistic regression for individually matched case-control studies to derive unadjusted and adjusted odds ratios with 95% CIs for risk of recorded comorbidities, measures of healthcare use and clinical indicator recording. Odds ratios were adjusted for deprivation using quintiles of Townsend scores and smoking status (smoker, nonsmoker, not recorded) as appropriate. Analyses were carried out in STATA (version 7.0). 
RESULTS
In January 2005, 10 209 registered patients with a diagnosis of congenital heart disease were identified in the QRESEARCH study population (crude prevalence 0.30% in men and 0.33% in women). Figure 1 shows the prevalence of congenital heart disease by age group and sex. After excluding patients registered with their general practice for ,6 months, 9952 patients (5196 female, 4756 male) with congenital heart disease met our case definition, giving an overall crude prevalence of 3.05 cases per 1000 population (95% CI 2.99 to 3.11). Of these 9952 cases of congenital heart disease, 9497 (95.4%) could be categorised into one of the three complexity categories: 7250 (72.8%) were simple cases, 1885 (18.9%) were moderate cases and 362 (3.6%) were complex cases. In the remaining cases, the diagnostic Read code did not provide sufficient information to enable categorisation-for example, Read code ''P6y: other specific heart anomalies''.
The average age of patients with congenital heart disease was 28; more than half were aged >20 years. There was a relatively even distribution of patients with congenital heart disease between population deprivation quintiles (table 1). We individually matched the 9952 cases to 29 837 controls by age, sex and practice. Table 1 shows the baseline characteristics of the patients with congenital heart disease and their matched controls.
Patients with congenital heart disease had a significantly increased risk of each cardiovascular comorbidity (atrial fibrillation, heart failure, hypertension and stroke/transient ischaemic attack) compared with controls, after adjustment for deprivation and smoking status (table 2) . For example, patients with congenital heart disease had a much higher risk of atrial fibrillation than their matched controls, despite adjustment (adjusted OR = 7.6, 95% CI 6.1 to 9.3). Patients with congenital heart disease also had a significantly increased risk of diabetes, chronic renal disease and epilepsy. There were no significant differences between men and women in the unadjusted or adjusted risk of comorbidities.
Healthcare utilisation
Patients with congenital heart disease consulted their GP more frequently, were issued with more prescriptions and were referred to a specialist more often than their matched controls. Table 3 shows the odds ratios for selected measures of healthcare use for cases, according to their complexity category, and their matched controls. Patients with complex or moderate congenital heart disease lesions were significantly more likely than controls to be heavy users of primary healthcare. For example, complex/moderate cases were 4.3 times as likely as their matched controls to have consulted their GP 20 or more times in the 3-year period 2002-4 (OR = 4.3, 95% CI 3.0 to 6.1). Patients with simple congenital heart disease lesions were also more likely to be heavier users of primary care than their controls.
Recording of clinical indicators
Overall, 27.2% of patients with congenital heart disease had had their body mass index recorded on computer within the past 24 months; 37.7% had their smoking status recorded; 41.9% had a blood pressure measurement recorded and 15.4% had a serum cholesterol measurement recorded. These proportions increased to 40.7%, 57.7%, 65.9% and 25.4%, respectively, if we just considered patients aged >16 years. Overall, for every clinical indicator, cases were significantly more likely than their matched controls to have had a measurement recorded on computer within the past 2 years (table 4) .
Analysis by sex shows that, with the exception of cholesterol, a greater proportion of women than men had each of the clinical Figure 1 Prevalence of congenital heart disease per 1000 by age group and sex in 2005. Congenital heart disease indicators recorded in their computerised records (table 5) . However, because this was true for controls as well as cases, odds ratios for having each of the clinical indicators recorded were in fact higher in men than women. In both men and women, levels of clinical indicator recording were higher in complex or moderate cases of congenital heart disease than in simple cases.
DISCUSSION Principal findings
In this population-based study, we found that the overall crude prevalence of diagnosed congenital heart disease is three people in every 1000. Just over one-quarter of patients with congenital heart disease have either moderately complex or complex lesions of the type that would typically require follow-up in a specialist centre. Unsurprisingly, we found that people with congenital heart disease have an increased risk of cardiovascular comorbidities and diabetes, yet they also have an increased risk of epilepsy and chronic renal disease. We also found that levels of healthcare use among people with congenital heart disease are high, even among simple or uncomplicated cases. Patients with congenital heart disease are more likely than age-and sex-matched controls to have basic clinical indicators recorded in their primary care computerised records, however, the overall level of recording of each indicator is low compared with those reported in previous studies of patients with diabetes and coronary heart disease. 21 22 26 Strengths and limitations
Our sample of patients with congenital heart disease is derived from a large and nationally representative study population. The age and sex composition of the QRESEARCH database corresponds well to the national population (data not shown), and previous studies have validated the QRESEARCH database against other population and primary care data sources, and found high levels of consistency and completeness. 23 Consequently, our estimates of crude prevalence, prevalence of comorbidities, patterns of healthcare use and process of care measures have good generalisabilty. Our case definition was based on diagnostic codes for congenital heart disease, and procedure codes specifically relating to congenital heart disease. The diagnosis of congenital heart disease has not been specifically validated in the QRESEARCH database, or in similar general practice research databases. Babies who are born with severe congenital heart disease lesions, and who die before intervention are less likely to be registered with a general practitioner than those infants who survive. Consequently, these patients are less likely to have been included in our study population. We would also expect poorer clinical recording of congenital heart disease diagnoses in older patients, particularly among those who underwent surgical repair many years ago for simple lesions, and who have no residua or sequelae. Also our assignment of a primary diagnosis and classification of cases into complexity groups based solely on an assessment of anatomical severity is relatively crude, but reflects both the limitations of using routine data sources and the lack of a standardised approach to classification of congenital heart disease in either epidemiological or clinical studies. 27 Classifications based solely on the anatomical or structural nature of heart defects do not necessarily correspond to the clinical severity or functional importance of different lesions.
By excluding patients who had been registered with their practice for ,6 months, we minimised possible information and recording bias. However, we were not able to study hospital records for the patients in this study and so could not examine rates of specialist cardiac interventions or the care received at specialist cardiac centres. Missing data may also introduce some bias into our study if the pattern of recording varied between cases and controls.
Interpretation
Data on the prevalence of key comorbidities and indicators of healthcare utilisation are useful in assessing current provision of services for this population and the burden of morbidity. We are not aware of previous population-based studies that have examined the prevalence of key comorbidities in patients with congenital heart disease, or examined patterns of healthcare use from a primary care perspective. The increased prevalence of a range of cardiovascular and other comorbidities in patients with congenital heart disease found in this study serves to underline the considerable burden of morbidity associated with this patient population.
Given the increased prevalence of these key chronic conditions, coupled with the need of many patients with congenital heart disease for long-term specialist follow-up of their underlying heart malformation, 28 it is unsurprising that patients with congenital heart disease use healthcare services more often than patients without the condition. Our study also shows that the burden of morbidity associated with congenital heart disease clearly has an impact in primary care, as well as in secondary and tertiary care settings.
Unlike for coronary heart disease or diabetes, [29] [30] [31] there are no agreed quality indicators for the management of patients with congenital heart disease in primary care, and general practitioners do not receive payments for achieving quality of care targets. We examined the recording of key lifestyle and cardiovascular risk factors in primary care for patients with congenital heart disease, and in their age-and sex-matched controls. It is reassuring to see higher levels of clinical indicator recording in patients with congenital heart disease compared with controls. However, absolute levels of recording in this patient population, even when we excluded patients under the age of 16 years, were low when compared with levels reported in studies of patients with chronic diseases such as diabetes or ischaemic heart disease that are now included in the new contract for UK general practitioners. 21 22 32 Additional investment in the education of both patients with congenital heart disease and healthcare professionals outside the 
